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SPECIFICATION 

SEMICONDUCTOR DEVICE AND 
METHOD FOR MANUFACTURING THE SAME 

[Technical Field] 

[0001] The present invention relates to a semiconductor device 

including a memory transistor and a method for manufacturing the same. 

[Background Technology] 

[0002] A split- gate type non-volatile memory transistor and a 

stacked type non-volatile memory transistor are known as those of the 
devices that are applied to an electrically erasable programmable ROM 
(EEPROM). One example of a semiconductor device including a split-gate 
type non-volatile memory transistor will be described below. Fig. 18 
schematically shows a cross-sectional view of one example of a 
conventional semiconductor device including a split- gate type non- volatile 
memory transistor. 

[0003] A split- gate type memory transistor 300 has, in the case of an 

N-type transistor as an example, a source region 14 and a drain region 16 
composed of N + -type impurity diffusion layers formed in a silicon substrate 
10 of P-type, and a first dielectric layer 70 as a gate insulation layer 
formed on a surface of the silicon substrate 10. A floating gate 72, a 
second dielectric layer 76 and a control gate 78 are successively formed on 
the first dielectric layer 70. 

[0004] A third dielectric layer 74 is formed on the floating gate 72. 

The third dielectric layer 74 is composed of a dielectric layer that is formed 
by selectively oxidizing part of a polysilicon layer that becomes to be the 
floating gate 72. In other words, the third dielectric layer 72 has a 
structure in which the film thickness thereof becomes thinner from its 
center toward both of its end sections, as shown in Fig. 18. As a result, 
upper edge sections 720 of the floating gate 72 form sharp edges, such that 
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an electric field concentration is apt to occur at the upper edge sections 
720. An interlayer dielectric layer 240 is formed on the silicon substrate 
10. The interlayer dielectric layer 240 is generally composed only of a 
silicon oxide layer. A through hole 246 is formed in a specified region of 
the interlayer dielectric layer 240. The through hole 246 is filled which a 
conductive material to form a contact layer 32. A wiring layer 30 that is 
electrically connected to the contact layer 32 is formed on the interlayer 
dielectric layer 240. 

[0005] For the operation of the memory transistor with a split-gate 

structure 300, a channel current is flown between the source region 14 and 
the drain region 16 to thereby inject a charge (hot electrons) in the floating 
gate 72 as indicated by an arrow A10 when data is written. When data is 
erased, a predetermined high voltage is applied to the control gate 78 to 
thereby transfer the charge stored in the floating gate 72 through the 
second dielectric layer 76 to the control gate 78 as indicated by an arrow 
B10 by Fowler-Nordheim tunneling conduction (FN conduction). 
[0006] It is an object of the present invention to provide a 

semiconductor device having a non-volatile memory transistor in which 
the characteristic stability of the non-volatile memory transistor is 
improved, and also a method for manufacturing the same. 

[Disclosure of The Invention] 

[0007] A semiconductor device in accordance with a first 

embodiment of the present invention includes a non-volatile memory 
transistor, and an interlayer dielectric layer provided on a semiconductor 
layer in which the non-volatile memory transistor is formed, wherein the 
interlayer dielectric layer is an insulation layer for electrically isolating 
the non-volatile memory transistor from a conductive layer formed over 
the semiconductor layer, and the interlayer dielectric layer includes a 
layer containing nitride. 

[0008] In the semiconductor device in accordance with the first 

embodiment of the present invention, the interlayer dielectric layer 


2 


.1 ,.0 O 7" E: ;S S S; ,„ Oi & O! 3" Ei! 

F006788 


includes a layer containing nitride. For this reason, the non-volatile 
memory transistor can be protected from process induced charges that are 
generated in various manufacturing steps after the interlayer dielectric 
layer has been formed. As a result, for example, FTV (Forward Tunnel 
Voltage), FTUR (Forward Trap Up Rate) and the rewritable number 
(Endurance) characteristic of the non-volatile memory transistor can be 
improved. 

[0009] In the semiconductor device in accordance with embodiments 

of the present invention, preferably, the layer containing nitride may take 
at least one of the following embodiments 1) and 2). 

[0010] l) The layer containing nitride can assume an embodiment in 

which the layer containing nitride is provided as a lowermost layer of the 
interlayer dielectric layer, an embodiment in which the same is provided 
as an uppermost layer of the interlayer dielectric layer, or an embodiment 
in which the same is provided as an intermediate layer of the interlayer 
dielectric layer. 

[0011] 2) The nitride may be at least one of silicon nitride and silicon 

oxide nitride. 

[0012] In the semiconductor device in accordance with embodiments 

of the present invention, more preferably, the layer containing nitride may 
take at least one of the following embodiments l) and 2). 
[0013] l) An embodiment in which the non-volatile memory 

transistor includes a floating gate disposed over the semiconductor layer 
through a gate dielectric layer, a tunneling dielectric layer that contacts at 
least a part of the floating gate, a control gate that is formed over the 
tunneling dielectric layer, and source region and drain region formed in 
the semiconductor layer. 

[0014] 2) An embodiment in which the non-volatile memory 

transistor includes a floating gate disposed over the semiconductor layer 
through a gate dielectric layer, a control gate disposed over the floating 
gate through an intermediate dielectric layer, and source region and drain 
region formed in the semiconductor layer. 
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[0015] A semiconductor device in accordance with another 

embodiment of the present invention is a semiconductor device that 
includes a non-volatile memory transistor formed on a semiconductor 
layer, and includes an interlayer dielectric layer provided over the 
semiconductor layer and the non-volatile memory transistor, wherein the 
interlayer dielectric layer includes an oxide film provided as a lowermost 
layer of the interlayer dielectric layer and a layer containing nitride 
provided on the oxide film. 

[0016] In the embodiment of the present invention, the oxide film 

may preferably have a thickness of 10 - 80nm. Furthermore, due to the 
fact that the thickness of the oxide film is in a range of 30 - 70nm, the 
characteristics required in view of the rewritable number can be secured, 
and the memory characteristic can be stabilized by suppressing the 
amount of changes in the threshold voltage of the control gate. 
[0017] In accordance with an embodiment of the present invention, 

more preferably, the oxide film may be an oxide film that is formed by a 
reduced pressure CVD method using TEOS. 

[0018] A method for manufacturing a semiconductor device in 

accordance with an embodiment of the present invention includes the 
following steps. 

(a) A step of forming a non-volatile memory transistor in a 
semiconductor layer, and 

(b) A step of forming an interlayer dielectric layer over the 
semiconductor layer in which the non-volatile memory transistor, 

wherein the interlayer dielectric layer is an insulation layer for 
electrically isolating a conductive layer formed over the semiconductor 
layer from the non-volatile memory transistor, and the interlayer 
dielectric layer includes a layer containing nitride. 

[0019] In the method for manufacturing a semiconductor device in 

accordance with the embodiment of the present invention, the layer 
containing nitride and the non-volatile memory transistor can assume 
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embodiments that are the same as those of the semiconductor device in 
accordance with the embodiment of the present invention. 
[0020] Here, the "semiconductor layer" described above includes a 

semiconductor substrate and a semiconductor layer formed on a substrate. 

[Brief Description Of The Drawings] 

[0021] Fig. 1 schematically shows a cross-sectional view of a 

semiconductor device in accordance with a first embodiment of the present 
invention. 

[0022] Fig. 2 shows in cross section steps of manufacturing the 

semiconductor device in accordance with the first embodiment of the 
present invention. 

[0023] Fig. 3 shows in cross section steps of manufacturing the 

semiconductor device in accordance with the first embodiment of the 
present invention. 

[0024] Fig. 4 shows in cross section steps of manufacturing the 

semiconductor device in accordance with the first embodiment of the 
present invention. 

[0025] Fig. 5 shows a modified example of the semiconductor device 

in accordance with the first embodiment of the present invention. 
[0026] Fig. 6 shows a modified example of the semiconductor device 

in accordance with the first embodiment of the present invention. 
[0027] Fig. 7 shows a modified example of the semiconductor device 

in accordance with the first embodiment of the present invention. 
[0028] Fig. 8 schematically shows a cross-sectional view of a 

semiconductor device in accordance with a second embodiment of the 
present invention. 

[0029] Fig. 9 shows in cross section steps of manufacturing the 

semiconductor device in accordance with the second embodiment of the 
present invention. 
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[0030] Fig. 10 shows in cross section steps of manufacturing the 

semiconductor device in accordance with the second embodiment of the 
present invention. 

[0031] Fig. 11 shows a modified example of the semiconductor device 

in accordance with the second embodiment of the present invention. 
[0032] Fig. 12 shows a modified example of the semiconductor device 

in accordance with the second embodiment of the present invention. 
[0033] Fig. 13 shows a modified example of the semiconductor device 

in accordance with the second embodiment of the present invention. 
[0034] Fig. 14 shows a graph indicating relations between FTV and 

the cumulative sampling rate. 

[0035] Fig. 15 shows a graph indicating relations between FTUR 

and the cumulative sampling rate. 

[0036] Fig. 16 shows a graph indicating relations between the 

rewritable number and the cumulative sampling rate. 

[0037] Fig. 17 shows a graph indicating relations between silicon 

oxide layers and FTUR, and between silicon oxide layers and Delta WLr 

Vth. 

[0038] Fig. 18 schematically shows a cross- sectional view of a 

conventional example of a semiconductor device. 

[Preferred Embodiments Of The Invention In Best Mode] 
[0039] Preferred embodiments of the present invention will be 

described below with reference to the accompanying drawings. 
[0040] (First Embodiment) 

[0041] A semiconductor device in accordance with a first 

embodiment is described below. Fig. 1 schematically shows a cross - 
sectional view of a semiconductor device in accordance with the first 
embodiment of the present invention. 

[0042] The semiconductor device includes a non-volatile memory 

transistor having a split-gate structure (hereafter referred to as a 
"memory transistor") 100. The memory transistor 100 has a source region 
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14, a drain region 16 and a gate dielectric layer 20. The source region 14 
and the drain region 16 are composed of n + "type impurity diffusion layers 
formed in a silicon substrate 10 of P-type, in the case of an n-type 
transistor as an example. The gate dielectric layer 20 is formed on a 
surface of the silicon substrate 10. 

[0043] A floating gate 22, a tunneling dielectric layer 26, and a 

control gate 28 are successively formed on the gate dielectric layer 20. 
[0044] An upper dielectric layer 24 is formed on the floating gate 22. 

The upper dielectric layer 24 has a structure in which the thickness 
thereof becomes thinner from its center toward its end sections. As a 
consequence, both upper sections of peripheral sections 220 of the floating 
gate 22 form sharp edges. As a result, electric field concentration is apt to 
occur at the upper peripheral sections 220. 

[0045] The tunneling dielectric layer 26 is formed in a manner to 

cover the upper dielectric layer 24, the floating gate 22 and the silicon 
substrate 10. 

[0046] A control gate 28 is formed on an upper surface of the 

tunneling dielectric layer 26. A silicide layer (not shown) may be formed 
depending on the requirements on the control gate 28. Tungsten silicide, 
molybdenum silicide, titanium silicide, and cobalt silicide can be listed as 
a material for the silicide layer. 

[0047] Further, an interlayer dielectric layer 40 is formed over the 

wafer where the memory transistor 100 is formed. A layer 42 containing 
nitride is provided at the lower most layer of the interlayer dielectric layer 
40. A silicon oxide layer 44 that composes part of the interlayer dielectric 
layer 40 is formed on the layer 42 containing nitride. Silicon nitride and 
silicon nitride oxide may be listed as the nitride. The thickness of the 
layer 42 containing nitride may be, for example, 50 — lOOnm, and 
preferably 50 - 70nm. 

[0048] For example, a contact hole 46 that reaches the drain region 

16 is formed in the interlayer dielectric layer 40. A contact layer 32 is 
formed in the contact hole 46. The contact layer 32 is formed from, for 
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example, a tungsten plug. A wiring layer 30 having a specified pattern is 
formed on the contact layer 32 and the interlayer dielectric layer 40. 
[0049] Next, a method for operating the memory transistor 100 that 

composes the semiconductor device in accordance with one example of the 
present embodiment will be described with reference to Fig. 1. 
[0050] Referring to Fig. 1, Vc indicates a voltage applied to the 

control gate 28, Vs indicates a voltage applied to the source region 14, Vd 
indicates a voltage applied to the drain region 16, and Vsub indicates a 
voltage applied to the P-type silicon substrate 10. 

[0051] For the operation of the memory transistor 100 having a 

split-gate structure, a channel current is flown between the source region 
14 and the drain region 16 to thereby inject a charge (hot electrons) in the 
floating gate 22 when data is written. When data is erased, a 
predetermined high voltage is applied to the control gate 28 to thereby 
transfer the charge stored in the floating gate 22 to the control gate 28 by 
FN conduction. Each of the operations in one example will be described 
below. 

[0052] First, the data-writing operation will be described. It is noted 

that an arrow Al indicates a flow of electrons at the time of writing. 
[0053] For the data-writing operation, the source region 14 is set at 

a higher potential with respect to the drain region 16, and a specified 
potential is applied to the control gate 28 depending on the requirements. 
As a result, hot electrons that are generated near the drain region 16 are 
accelerated toward the floating gate 22, and injected in the floating gate 
22 through the gate dielectric layer 20 whereby data is written. 
[0054] In the data-writing operation, for example, the control gate 

28 is set at a potential (Vc) of 2V, the source region 14 is set at a potential 
(Vs) of 10.5V, and the drain region 16 is set at a potential (Vd) of 0.8V. 
Also, the silicon substrate 10 is set at a potential (Vsub) of 0V. 
[0055] Next, the data-erasing operation will be described. It is noted 

that an arrow Bl indicates a flow of electrons at the time of erasing. 
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[0056] For the data-erasing operation, the control gate 28 is set at a 

potential higher than the potential of the source region 14 and the drain 
region 16. As a result, the charge stored in the floating gate 22 is 
discharged from the sharp upper peripheral section 220, passing through 
the tunnel dielectric layer 26, to the control gate 28 due to FN conduction, 
whereby the data is erased. 

[0057] In the data-erasing operation, for example, the control gate 

28 is set at a potential (Vc) of 11.5V, the source region 14 and the drain 
region 16 are set at potentials (Vs) and (Vd) of 0V, respectively. The 
silicon substrate 10 is set at a potential (Vsub) of 0V. 
[0058] Next, the data-reading operation will be described. It is 

noted that an arrow CI indicates a flow of electrons at the time of reading. 
[0059] For the data-reading operation, the drain region 16 is set at a 

high potential with respect to the source region 14, and a predetermined 
potential is applied to the control gate 28, whereby a determination is 
made whether or not data is written based on the presence or the absence 
of a formed channel. 

[0060] More specifically, when a charge is injected in the floating 

gate 22, the potential of the floating gate 22 becomes low, with the result 
that a channel is not formed and a drain current does not flow. 
Conversely, when the floating gate 22 is not injected with a charge, the 
floating gate 22 has a high potential, with the result that a channel is 
formed and a drain current flows. By detecting a current flowing from the 
drain region 16 by a sense amplifier, data in the memory transistor 100 
can be read out. 

[0061] In the data-reading operation, for example, the control gate 

28 is set at a potential (Vc) of 3.0V, the source region 14 is set at a 
potential (Vs) of 0V, and the drain region 16 is set at a potential (Vd) of IV. 
The silicon substrate 10 is set at a potential (Vsub) of 0V. 
[0062] Effects of the semiconductor device in accordance with the 

present embodiment are described below. 
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[0063] In the present embodiment, the interlayer dielectric layer 40 

includes the layer 42 containing nitride. For this reason, the non-volatile 
memory transistor 100 can be protected from process induced charges that 
are generated in various manufacturing steps after the interlayer 
dielectric layer 40 has been formed. Also, the tunneling dielectric layer 26 
can be protected from molecules and ions of hydrogen or the like that 
deteriorate the tunneling dielectric layer 26. As a result, FTM, FTUR, and 
the rewritable number characteristic of the memory transistor 100 can be 
improved. 

[0064] A method for manufacturing the semiconductor device in 

accordance with one embodiment of the present invention will be described. 
Figs. 2 through 4 schematically show cross sections of a semiconductor 
device in manufacturing steps in accordance with the present embodiment. 
[0065] (A) First, as shown in Fig. 2 (a), a silicon oxide layer (gate 

dielectric layer) 20 is formed on a surface of the silicon substrate 10 by a 
thermal oxidation method. The silicon oxide layer 20 is not limited to a 
specific thickness, but may preferably have a thickness of 7 — 9nm in view 
of the gate dielectric strength, the data retaining characteristic and the 
like. 

[0066] Next, a polysilicon layer 22 is formed on a surface of the 

silicon oxide layer 20, and phosphorous or arsenic is diffused in the 
polysilicon layer 22 to form an n-type polysilicon layer 22. The method for 
forming the polysilicon layer 22 is not particularly limited, and a CVD 
method may be used, for example. The polysilicon layer 22 may preferably 
be formed to have a thickness of, for example, 50 - 300nm, and preferably, 
100 - 200nm. 

[0067] The polysilicon layer 22 may be changed to n-type by other 

methods. For example, after the polysilicon layer 22 is formed, 
phosphorous ions or arsenic ions are implanted therein. Alternatively, 
after the polysilicon layer 22 is formed, it is contacted with a carrier gas 
containing phosphoryl chloride (POCI3). Alternatively, when the 
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polysilicon layer 22 is formed, it is contacted with a carrier gas containing 
phosphine (PH3). 

[0068] Then, a silicon nitride layer 50 is formed on a surface of the 

polysilicon layer 22 by, for example, a CVD method. Next, using a 
lithography technique, specified regions of the silicon nitride layer 50 are 
selectively etched and removed. A region 24H of the silicon nitride layer 
50 that is removed is a region where an upper dielectric layer 24 of the 
memory transistor 100 is formed. 

[0069] (B) Next, as shown in Fig. 2 (b), an exposed portion of the 

polysilicon layer 22 is selectively oxidized to form an upper dielectric layer 
24 on a surface of the polysilicon layer 22 in a specified region thereof. 
The upper dielectric layer 24 formed by the selective oxidation has a 
structure in which it has a maximum film thickness at its central area, 
and gradually becomes thinner toward end sections thereof. Thereafter, 
the silicon nitride layer 50 is removed. 

[0070] (C) Then, as shown in Fig. 2 (c), the polysilicon layer 22 is 

selectively etched using the upper dielectric layer 24 as a mask. Further, 
the silicon oxide layer 20 on the silicon substrate 10 is removed. 
[0071] (D) Next, as shown in Fig. 3 (a), a silicon oxide layer 

(tunneling dielectric layer) 26 is deposited on the entire surface. The 
thickness of the silicon oxide layer 26 is, for example, 20 — 25nm. The 
silicon oxide layer 26 may be formed by any method without being limited 
to a particular one. For example, a thermal oxidation method or a CVD 
method may be listed. A preferred CVD method is a high-temperature 
CVD method (for example, a silane-base high-temperature CVD method). 
Forming the silicon oxide layer 26 by a high-temperature CVD method 
provides an advantage in that the film density of the silicon oxide layer 26 
becomes high. 

[0072] Also, the silicon oxide layer 26 may be formed from a 

plurality of layers stacked in layers. More concretely, the silicon oxide 
layer 26 may have a stacked layered structure including a first silicon 
oxide layer obtained by a thermal oxidation method and a second silicon 
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oxide layer obtained by a CVD method. Further, the silicon oxide layer 26 
may preferably be formed to have a three -layer structure including a first 
silicon oxide film obtained by a thermal oxidation method, a second silicon 
oxide film obtained by a high-temperature CVD method, and a third 
silicon oxide film obtained by a thermal oxidation method. By forming the 
first and third silicon oxide films that contact the floating gate 22 and the 
control gate 28, respectively, by a thermal oxidation method, there are 
advantages in that the interface level of the floating gate 22 and the 
control gate 28 stabilizes, and the erasing operation characteristic 
stabilizes. Also, when an oxide film that is obtained by a thermal CVD 
method is formed between the first and second silicon oxide films, there is 
an advantage in that a film thickness required for the silicon oxide layer 
that functions as a tunneling dielectric layer can be secured with a high 
co ntrollability . 

[0073] Next, a polysilicon layer 28 is formed on a surface of the 

silicon oxide layer 26. The method for forming the polysilicon layer 28 is 
not particularly limited, and a CVD method may be used, for example. 
The polysilicon layer 28 can be turned into n-type by the same method 
used for the polysilicon layer 22 described above. The polysilicon layer 28 
may have a film thickness of, for example, 50 — 300nm. 
[0074] Next, depending on the requirements, a silicide layer (not 

shown) is formed on the polysilicon layer 28. The silicide layer can be 
formed by, for example, a sputter method or a CVD method. 
[0075] Next, a resist layer (not shown) having a specified pattern is 

formed on the control gate 28. Then, the polysilicon layer 28 is selectively 
etched, using a lithography technique, as shown in Fig. 4 (a). 
[0076] (E) Next, an n-type impurity is doped in the silicon substrate 

10 by a known method to thereby form a source region 14 and a drain 
region 16. The steps described above form the memory transistor 100. 
[0077] (F) Next, as shown in Fig. 4 (b), a layer 42 containing nitride 

is formed on the silicon substrate 10. The layer 42 containing nitride may 
be formed by, for example, a CVD method. As a concrete example of the 
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CVD method, a thermal CVD method and a plasma CVD method may be 
recommended. 

[0078] Next, a silicon oxide layer 44 is formed on the layer 42 

containing nitride. The silicon oxide layer 44 may be formed by, for 
example, a CVD method. As a result, an interlayer dielectric layer 40 
composed of the layer 42 containing nitride and the silicon oxide layer 44 
is formed. 

[0079] Next, as shown in Fig. 1, specified regions of the interlayer 

dielectric layer 40 are selectively etched and removed, to form a contact 
hole 42 that may reach the drain region 16 or the like. Then, the contact 
hole is filled with a conductive material (for example, tungsten) to form a 
contact layer 32. 

[0080] Next, a conductive layer composed of aluminum or the like is 

deposited on the interlayer dielectric layer 40 by using, for example, a 
sputter method, and the conductive layer is patterned to form a wiring 
layer 30. 

[0081] The following modifications can be possible for the first 

embodiment. 

[0082] (l) The layer 42 containing nitride may be provided as an 

intermediate layer of the interlayer dielectric layer 40, as shown in Fig. 5. 
More concretely, the interlayer dielectric layer 40 may be formed from a 
silicon oxide layer 44a, the layer 42 containing nitride and a silicon oxide 
layer 44b successively deposited in layers one on top of the other. 
[0083] (2) The layer 42 containing nitride may preferably be formed 

on the control gate 28 and the tunneling dielectric layer 26 through a thin 
silicon oxide layer 48, as shown in Fig. 6. By virtue of forming the silicon 
oxide layer 48, the coherency of the layer 42 containing nitride with an 
under layer improves, and damages to the layer 42 containing nitride can 
be reduced. 

[0084] Here, by forming the silicon oxide layer 48 thin to a thickness 

of 10 — 80nm, the number of etching steps for forming the contact hole 46 
can be reduced compared to the modified example (l) shown in Fig. 5. In 
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the case of the modified example (l), since the film thickness of the silicon 
oxide layer 44a is large, as shown in Fig. 5, each of the silicon oxide layer 
44b, the layer 44 containing nitride, and silicon oxide layer 44a among the 
interlayer dielectric layer 40 independently needs an etching step. In 
contrast, in the case of the modified example (2) shown in Fig. 6, since the 
silicon oxide layer is thin, which is 10 — 80nm, in an etching step for the 
layer 42 containing nitride, the silicon oxide layer 48 can be etched by 
conducting an over-etching. As a consequence, the number of etching 
steps for forming the contact hole 46 can be reduced compared to the 
modified example (l) shown in Fig. 5. 

[0085] Furthermore, by forming the silicon oxide layer 48 to a 

thickness of 30 — 70nm, the memory characteristic can be improved. 
Details thereof will be described below in the "Experimental Example 2". 
[0086] Also, a film that is formed by a reduced pressure CVD 

method using TEOS may preferably be used as the silicon oxide layer 48. 
Details thereof will be described below in the "Experimental Example 3". 
[0087] (3) The layer 42 containing nitride may be provided as an 

uppermost layer of the interlayer dielectric layer 40, as shown in Fig. 7. 
More concretely, the interlayer dielectric layer 40 may be formed from a 
silicon oxide layer 44 and a layer 42 containing nitride successively 
deposited in layers one on top of the other. In this case, the interlayer 
dielectric layer 40 may be formed by depositing a silicon oxide layer 44 
over the entire surface, then planarizing the silicon oxide layer 44 by a 
chemical-mechanical polishing method, and depositing a layer 42 that 
contains nitride. 

[0088] (Second Embodiment) 

[0089] A semiconductor device in accordance with a second 

embodiment is described below. Fig. 8 schematically shows a cross- 
sectional view of a semiconductor device in accordance with the second 
embodiment of the present invention. 
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[0090] A non-volatile memory transistor of the second embodiment 

(hereafter referred to as a "memory transistor") 200 is a stacked type. 
More specifically, the memory transistor 200 has a gate dielectric layer 
120, a source region 114, and a drain region 116. A floating gate 122, an 
intermediate dielectric layer 124, and a control gate 126 are successively 
formed on the gate dielectric layer 120. Sidewalls 130 are formed on side 
walls of the floating gate 122, the intermediate dielectric layer 124 and the 
control gate 126. 

[0091] An interlayer dielectric layer 130 is formed on the silicon 

substrate 110. A layer 142 containing nitride is formed at a lower most 

layer of the interlayer dielectric layer 140. The composition of the layer 

142 containing nitride may be the same as the composition of the first 

embodiment. A silicon oxide layer 144 is formed on the layer 142 

containing nitride. In other words, the interlayer dielectric layer 140 is 

formed from the layer 142 containing nitride and the silicon oxide layer v 

144. 

[0092] For example, a contact hole 146 that reaches the drain region 

16 is formed in the interlayer dielectric layer 140. A contact layer 132 is 
formed in the contact hole 146. The contact layer 132 is formed from, for 
example, a tungsten plug. A wiring layer 130 having a specified pattern is 
formed on the contact layer 132 and the interlayer dielectric layer 140. 
[0093] Effects of the semiconductor device in accordance with the 

present embodiment are described below. 

[0094] In the present embodiment, the interlayer dielectric layer 140 

includes the layer 142 containing nitride. For this reason, the non- volatile 
memory transistor 200 can be protected from process induced charges that 
are generated in various manufacturing steps after the interlayer 
dielectric layer 140 has been formed. Also, the dielectric layers of the 
memory transistor can be protected from molecules and ions of hydrogen 
or the like that deteriorate the dielectric layers (the gate dielectric layer 
and the intermediate dielectric layer) of the memory transistor. As a 
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result, the rewritable number characteristic of the memory transistor 200 
can be improved. 

[0095] A method for manufacturing the semiconductor device in 

accordance with the second embodiment of the present invention will be 
described. Figs. 9 and 10 schematically show cross sections of a 
semiconductor device in manufacturing steps in accordance with the 
second embodiment of the present embodiment. 

[0096] (l) As shown in Fig. 9 (a), a silicon oxide layer (gate dielectric 

layer) 120 is formed on a surface of the silicon substrate 110. The silicon 
oxide layer 120 may preferably be formed by, for example, a thermal 
oxidation method. The silicon oxide layer 120 is not limited to a particular 
thickness, but may have a thickness of, for example, 6 - 14nm in view of 
the gate dielectric strength, the data retaining characteristic and the like. 
[0097] Next, a polysilicon layer 122 for a floating gate is formed on 

the silicon oxide layer 120. The polysilicon layer 122 may be formed by, 
for example, a CVD method. The polysilicon layer 122 may preferably 
have a thickness of, for example, 10 — 20nm, for example. 
[0098] Next, an intermediate dielectric layer 124 is formed on the 

polysilicon layer 122. The intermediate dielectric layer 124 may be formed 
from, for example, a silicon oxide layer, or an ONO film. The intermediate 
dielectric layer 124 is formed by, for example, a CVD method. The 
thickness of the intermediate dielectric layer 124 is, for example, 20 - 
30nm. 

[0099] Next, a polysilicon layer 126 for a control gate is formed on 

the intermediate dielectric layer 124. The polysilicon layer 126 may be 
formed by, for example, a CVD method. The thickness of the polysilicon 
layer 126 is, for example, 20 — 40nm. 

[0100] Next, a resist layer R2 having a specified pattern is formed 

on the polysilicon layer 126. Then, as shown in Fig. 9 (b), the polysilicon 
layer 126, the intermediate dielectric layer 124 and the polysilicon layer 
122 are selectively etched, using the resist layer R2 as a mask. Then, the 
resist layer R2 is removed. 
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[0101] Next, as shown in Fig. 10 (a), sidewalls 130 are formed on 

side walls of the polysilicon layer (control gate) 126, the intermediate 
dielectric layer 124 and the polysilicon layer (floating gate) 122. For 
example, the sidewalls 130 can be formed in the following manner. A 
silicon oxide layer (not shown) is formed over the entire surface by a CVD 
method. Then, the silicon oxide layer is anisotropically etched by a 
reactive ion etching or the like to form the sidewalls 130. Also, after the 
silicon oxide layer is etched, the silicon oxide layer 120 on the silicon 
substrate 110 is also etched. 

[0102] Next, an impurity is ion implanted in the silicon substrate 

110 to form source and drain regions 114 and 116. 

[0103] Next, as shown in Fig. 10 (b), a layer 142 containing nitride is 

formed over the entire surface. The layer 142 containing nitride may be 
formed in the same manner as the first embodiment. 
[0104] Next, a silicon oxide layer 144 is formed on the layer 142 

containing nitride. In this manner, an interlayer dielectric layer 140 that 
is composed of the layer 142 containing nitride and the silicon oxide layer 
144 is formed. Next, depending on the requirements, the interlayer 
dielectric layer 140 is planarized by, for example, a chemical- mechanical 
polishing method. 

[0105] Next, as shown in Fig. 8, using a lithography technique, the 

interlayer dielectric layer 140 is selectively etched to form a through hole 
146. Next, the through hole 146 is filled with a conductive material to 
form a contact layer 132. Next, a wiring layer 130 that is electrically 
connected to the contact layer 132 is formed on the interlayer dielectric 
layer 140. 

[0106] The following modifications can be possible for the first 

embodiment. 

[0107] (1) The layer 142 containing nitride may be provided as an 

intermediate layer of the interlayer dielectric layer 140, as shown in Fig. 
11. More concretely, the interlayer dielectric layer 140 may be formed 
from a silicon oxide layer 144a, the layer 142 containing nitride and a 
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silicon oxide layer 144b successively deposited in layers one on top of the 
other. 

[0108] (2) The layer 142 containing nitride may preferably be formed 

on the under layer through a thin silicon oxide layer 148, as shown in Fig. 
12. By virtue of forming the silicon oxide layer 148, the coherency of the 
layer 42 containing nitride with the under layer improves, and damages to 
the layer 142 containing nitride can be reduced. The thickness of the 
silicon oxide layer 148 is, for example 10 - 30nm. 

[0109] As a result of forming the silicon oxide layer 140 thin to a 

thickness of 10 — 30nm, the same effects as those of the modified example 
(2) of the first embodiment can be obtained. 

[0110] (3) The layer 42 containing nitride may be provided as an 

uppermost layer of the interlayer dielectric layer 140, as shown in Fig. 13. 
More concretely, the interlayer dielectric layer 140 may be formed from a 
silicon oxide layer 144 and a layer 142 containing nitride successively 
deposited in layers. In this case, the interlayer dielectric layer 140 may be 
formed by depositing a silicon oxide layer 144 over the entire surface, then 
planarizing the silicon oxide layer 144 by a CMP method, and depositing a 
layer 142 that contains nitride. 

[01 11] [Experimental Example l] 

[0112] Differences in the memory characteristics are examined 

between the case where a silicon nitride layer is formed at the lower most 
layer of the interlayer dielectric layer (the embodiment example) and the 
case where a silicon nitride layer is not formed. The characteristics 
examined are three characteristics, which are FTV (Forward Tunnel 
Voltage), FTUR (Forward Trap Up Rate) and the rewritable number 
(Endurance). It is noted that non-volatile memory transistors in memory 
cells in the embodiment and the comparison example are a split-gate type. 
Also, the non-volatile memory transistors in memory cells of the 
embodiment example and the non-volatile memory transistors in memory 
cells of the comparison example are formed under the same conditions. An 
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interlayer dielectric layer of the embodiment example is formed by 
successively depositing a silicon nitride layer and a silicon oxide layer. 
The thickness of the silicon nitride layer of the embodiment example is 
50nm. The silicon nitride layer is formed by a CVD method. An interlayer 
dielectric layer of the comparison example is formed solely from a silicon 
oxide layer. 

[0113] Fig. 14 is a graph showing relations between FTV and 

cumulative sample rate (Cumulative Percent). FTV means a voltage, 
among voltages needed to flow a specified reference current between a 
floating gate and a control gate, which is given immediately after the 
reference current starts flowing, i.e., after Ti(s). It is noted that, in the 
present experimental examples, the reference current is set at lOnA, and 
Ti = 0.1s. Also, 25 memory chip samples are prepared for each of the 
embodiment example and the comparison example. 

[0114] Also, the cumulative sample rate is a probability plot of the 

entire samples. For example, in Fig. 14, one plot of the comparison 
example is present at a cumulative sample rate of 50% and FTV of 7.0V. 
This means to indicate that 50% of the entire 25 samples of the 
comparison example have FTV that is 7.0V or below. 
[0115] It is understood from Fig. 14 that the values of FTV of the 

embodiment example are lower than the values of FTV of the comparison 
example. The lower the value of FTV, the better the erasing efficiency 
becomes. Therefore, it is understood that the embodiment example is 
excellent in the erasing efficiency compared to the comparison example. 
[0116] Also, in the case of the embodiment example, the degree of 

variations of FTV is low compared to the comparison example. In other 
words, the inclination of the graph for the embodiment example is greater 
than the inclination of the graph for the comparison example. The lower 
the degree of variations of FTV, the better the characteristic stability 
becomes. In other words, the greater the inclination of the graph, the 
better the characteristic stability becomes. Accordingly, in the case of the 
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embodiment example, its characteristic stability is good compared to the 
case of the comparison example. 

[0117] Fig. 15 is a graph indicating relations between FTUR and the 

cumulative sample rate. It is noted that 25 memory chip samples are 
prepared for each of the embodiment example and the comparison 
example. Here, FTRU means a rate of potential change that appears 
when a specified reference current is flown for a predetermined period of 
time. More concretely, when a voltage given immediately after the 
reference current starts flowing, i.e., after Ti (s), in other words, FTV is Vi 
(V), and a voltage given after a specified period of time T2 (s) has passed 
after the reference current starts flowing is V2 (V), FTUR may be given by 
the following expression. 

FTUR - (V 2 - Vi)/ (logioT 2 - logioTi) ... (l) 
[0118] It is noted that, in the experimental examples, the reference 

current is lOnA, Ti = 0.1s, and T2 = 5.0s. Further, 25 memory chip 
samples are prepared for each of the embodiment example and the 
comparison example. 

[0119] It is understood from Fig. 15 that the values of FTUR of the 

embodiment example are lower than the values of FTUR of the 
comparison example. Lower values of the FTUR indicate that electrons 
are more difficult to be trapped by the tunneling dielectric layer. 
Therefore, it can be said that, in the case of the embodiment example, 
electrons are more difficult to be trapped by the tunneling dielectric layer 
compared to the case of the comparison example. 
[0120] Also, FTUR of the embodiment example has a fewer 

deviations compared to the case of the comparison example. In other 
words, the inclination of the graph for the embodiment example is greater 
than the inclination of the graph for the comparison example. The lower 
the degree of variations of FTUR, the better the characteristic stability 
becomes. In other words, the greater the inclination of the graph, the 
better the characteristic stability becomes. Accordingly, it can be said that 
the embodiment example is excellent in its characteristic stability 
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compared to the case of the comparison example. It is noted that the unit 
of FTUR shown in Fig. 15 is "V/ decade". 

[0121] Fig. 16 is a graph indicating relations between the rewritable 

number (Endurance) and the cumulative sample rate. Here, the 
rewritable number means the number of rewriting operations that take 
place until the cell current value becomes 50% of an initial value. It is 
noted that 10 memory chip samples are prepared for each of the 
embodiment example and the comparison example. 
[0122] It is understood from Fig. 16 that, in the case of the 

embodiment example, its rewritable number improves at the same 
cumulative sample rate compared to the comparison example. 

[0123] [Experimental Example 2] 

[0124] Relations between the film thickness of the silicon oxide layer 

48 and the memory characteristics are examined in the embodiment 
shown in Fig. 6. In this experimental example, the silicon oxide layer is 
formed by a reduced CVD method using TEOS. 

[0125] Fig. 17 is a graph indicating how values of FTUR and WL- 

Vth change depending on the film thickness of the silicon oxide layer 
formed at the lower most layer of the interlayer dielectric layer. WL-Vth 
indicates a threshold voltage on the control gate 28 after data is erased in 
the memory transistor 100 shown in Fig. 6. Delta WL-Vth means the 
amount of change in the threshold voltage with respect to each structure 
that is not provided with the silicon oxide layer 48 but provided directly 
with the silicon layer 42 containing nitride. Lower values in Delta WL- 
Vth indicate smaller amounts of change in the threshold voltage, and 
therefore Delta WL-Vth serves as an index to measure the stability of 
memory characteristic. It is noted that, in Fig. 17, measured FTRU values 
and Delta WL-Vth values are standardized and plotted on the graphs with 
a case in which the silicon oxide layer 48 is not provided and the silicon 
layer 42 containing nitride is directly provided being a reference (1.0). 
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[0126] Referring to Fig. 7, Delta WL-Vth values sharply drop when 

the silicon oxide film becomes 30nm or greater. Accordingly, in order to 
inhibit amounts of change in the threshold voltage on the control gate and 
stabilize the memory characteristic, the silicon oxide film may preferably 
be set at a film thickness of 30nm or greater. On the other hand, with 
respect to FTUR, its value is 1.2 or lower when the film thickness becomes 
70nm or lower. The comparative value of 1.2 is equivalent to an absolute 
value of 0.6 (V/ decade) as converted, wherein, when the value is 0.6 or 
lower, the rewritable number required for a memory can be maintained. 
This means that, when the film thickness is 70nm or less, the required 
rewritable number can be maintained. 

[0127] In this manner, by controlling the silicon oxide film to a film 

thickness of 30 — 70nm, the characteristics required in view of the 
rewritable number can be maintained, and the memory characteristic can 
be stabilized while inhibiting amounts of change in the threshold voltage 
on the control gate. 

[0128] [Experimental Example 3] 

[0129] In here, in the embodiment shown in Fig. 6, Delta WLrVth 

values obtained when a silicon oxide layer that is formed by a reduced 
CVD method using TEOS (hereafter referred to as "PL-TEOS layer") is 
used as the silicon oxide layer 48 are compared with Delta WL-Vth values 
obtained when a silicon oxide layer that is formed by a plasma CVD 
method (hereafter referred to as "P-TEOS layer") is used as the silicon 
oxide layer 48. It is noted that experimental samples adopted for both of 
the LP-TEOS layer and P TEOS layer have a film thickness 50nm, but 
other structures are the same with one another. The following result is 
obtained. 

[0130] (Delta WL-Vth when LP-TEOS layer is used) /(Delta WL-Vth 

when L-TEOS layer is used) = 0.686 

[0131] In view of the above, when an LPTEOS layer is used as the 

silicon oxide layer 48, the amount of changes in the threshold voltage on 
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the control gate can be inhibited by about 30% compared to the case in 
which a P-TEOS layer is used, and therefore a more stabilized memory 
characteristic can be obtained. 

[0132] The present invention is not limited to the embodiments 

described above, and many modifications can be made without departing 
from the subject matter of the invention. 

[0133] For example, an interlayer dielectric layer having the 

structure of the present invention can be formed not only in memory 
regions where non-volatile memory transistors are formed, but also in 
peripheral circuit regions where logical circuits or the like are formed. 
Also, MOS transistors may be used as memory transistors. 
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